The paper describes the method of the metal surface layer etching from the pipes and the measurement of elastic relaxation for the analysis of the residual stresses of cold-rolled stainless steel pipes. The results of the experimental determination of the residual stresses of pipes made of steel AISI 321 are given.
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The above-mentioned disadvantages are absent in the proposed method of etching.
The method consists of a thin metal surface layer removing by electrolytic etching and subsequent capturing of the elastic changes in the geometric dimensions of the body.
The method can be applied both in the proposed format of complete etching of the surface layer from the pipe, and in the local etching of some area of the body and capturing of the elastic reactions using strain gauges, similarly to the drilling method. Strangely enough, in the foreign literature there is no description of any etching attempts to assess the residual stresses in metal products. In practice of testing metals, etching is present only as a method of the surface cleaning before using some non-destructive testing methods, and also as a tool for qualitative assessment of the presence or absence of residual stresses in such techniques as, methods of intergranular corrosion testing, for example. At the same time, the correct application of the etching method can ensure a high accuracy of the residual stresses determination, and also a high speed of the tests.
Removal of the surface layer of the metal by etching does not lead to a local temperature jumps, does not cause the effects of local vibration or deformation, which ensures the accuracy of the metal elastic reactions capturing.
Design of Installation
In the developed method of the residual stresses determination, the etching method is used to measure the longitudinal residual stresses in the surface layers of pipes. Pipes for the nuclear power industry (the experiments of such pipes were performed) were chosen as the object of study for several reasons. First, the pipe is an ideal geometrical object for the elastic unloading's and residual stresses of the third kind capturing.
Secondly, the pipes for nuclear power plants (in this case, pipes made of steel AISI 321 with dimensions of 16 x 1.5 mm) are almost perfectly straight, which guarantees the measuring accuracy of the linear elongation. Thirdly, despite of the requirements for residual stresses are not spelled out in almost any standard, this problem has recently been paid attention to. The fact is that when operating in an aggressive environment, tensile residual stresses on the surface of pipes lead to the rapid opening of corrosion ulcers and cracks and the failure of pipe fittings due to a corrosion cracking [6] [7] [8] .
The work [9] describes a calculation method of the residual stresses determination based on the energy approach [11] , which, like the method of cutting rings, is based on the method of splitting, but involves the method of the pipe surface layer etching. After the surface layer removing and the elastic relaxation along the length capturing, the residual stresses are calculated over the entire cross section of the pipe wall.
For the practical implementation and testing of the methodology proposed in [10] , it is necessary to develop the design of the installation for a pipe thin surface layer etching.
An installation intended for carrying out of the experiments on longitudinal residual stresses measuring should ensure a high uniformity of the surface layer etching, have a convenient procedure for pouring and draining electrolyte, and should also ensure quick and convenient sample placing and removal. In addition, the installation must ensure work safety for the operator and others, therefore, the design must be stable in order to prevent tipping of the electrolyte bath over. One of the method implementation problems is that during the etching process reaction products are not evenly removed from the surface. In the upper part, the formed bubbles float freely in the electrolyte, and in the lower part of the sample a layer of bubbles "sticking" forms, which disrupts the normal kinetics of the process.
During the installation design for solving the above problems a continuous sample rotation was used during the etching process in the electrolyte bath. The complexity of the design solutions for torque supplying to the sample is determined by the aggressiveness of the etching environment, as well as the need for a continuous current supply to the sample. The only possible design option for the installation is to apply torque to the sample through a flexible drive rotation, and the current can be supplied through a rolling bearing mounted directly to the sample.
Measurement Technique
The technique of the residual stresses measuring is as follows: After the measurements the distribution of residual stresses of the pipe wall or in the bar section is calculated by a specially developed calculation method [10] .
The measuring stand of the sample length is a rigid metal frame made of a thick metal profile with a fixed and movable cross-bar. A measuring head is mounted in the movable cross-bar. The appearance of the measuring stand is shown in Fig. 1 . 
where L 0 -the length of the sample before etching in position i, L 1 -the length of the sample after etching in position i, n -the number of length measuring positions of the sample (n = 4) (Fig. 2, a) . This can help to exclude the total sample curvature possible impact on the measurement accuracy, as well as its local deflection when placed on the measurement stand. Risks with numbers of sections are applied by the blade on the surface of the end caps, so that they will not be erased during the etching process ( Fig.   2, b ). inner surface layer etching the insulation of the pipe sample is carried out in accordance to a Fig. 3, b . With such an isolation scheme the electrolyte should freely fall inside the sample and the entire outer surface should be insulated in order to prevent acid from getting into it during the experiment. The process of sample preparation is carried out in the following sequence:
An important aspect of the measurement technique is
1. Measured length sample cutting off from pipe or bar;
2. Bearing fastening in the center of the sample; 3. Kapron layer or varnish applying to the outer / inner surface in order to insulate the ends of the sample and establish a fixed length of the etching surface;
4. Insulation of the outer surface of the sample (in the case of the inner surface etching) using kapron or varnish;
End caps installation;
6. End caps with clamping screws fastening;
7. Drive shafts with pinpricks fastening.
Insulation of the ends is the most convenient to carry out by lowering the sample to a container with a prepared insulating liquid (kapron / varnish) in a vertical position. In this case it is easy to ensure the accuracy of the insulation applied by controlling the level of the insulator in the tank.
Insulation of the outer surface can be done in two ways. The first method is to apply a thin layer of insulator (kapron or varnish) by analogy with the insulation of the ends of the sample. However, this method is complicated and does not guarantee one hundred percent insulation. The second way is to install an external protective cover on the principle of "pipe in pipe". As such a cover a polypropylene pipe can be used the inner diameter of which is slightly larger than the outer diameter of the sample. When implementing the second method of the outer surface insulating, it is necessary to prevent electrolyte from entering to the gap between the sample and the protective cover. After preparation of the sample, it together with the fixed flexible shafts, is lowered into the electrolyte and fixed in the holders of the installation. Then electric connections from the current source are attached to the bearing and bath, the bath is filled with the electrolyte until the sample is completely immersed and one of the flexible shaft is mounted in the clamps of the rotating motor. In this state the installation is ready for operating (Fig. 4) . The used electrolyte was an acid solution containing H 3 PO 4 -86%, Cr 2 O 3 -12% (in grams) and H 2 SO 4 -2%. In the experiments an electric current rectifier was used, which allowed regulating both the output current and the voltage during operation. After the end of the estimated etching time, the current source is switched off, the connections with wires are disconnected from the bearing and bath, the motor is disconnected from the flexible rotation drive and the sample and the flexible drive are removed from the installation. Then it is necessary to wash the sample and dry it. After drying the flexible drives are disconnected from the sample, the end caps, the bearing and the insulator layer are removed from the ends of the sample. After etching the sample is similarly placed on the measuring stand, its length is measured and the absolute elongation or shortening is calculated using formula (1).
Experiment and Discussion of Results
At the first stage of the experiment it was necessary to establish the thickness of the etched layer, sufficient for fixing the elastic unloading along the length ΔL. Etching was carried out from the outer surface of two samples to a depth of 0.03 mm and 0.06 mm, respectively. The absolute change in the length of the samples measured by the method described above, was ΔL 1 = 0.04 mm and ΔL 2 = 0.11 mm, respectively. Thus, it was decided that the thickness of the etched layer should be about 0.06 mm. A positive value (absolute elongation) of the sample is explained by the presence of tensile residual stresses on the outer surface of the sample. Metal residual stresses are naturally reactive and are the elastic reaction of the metal to the "resistive load". Therefore, the removal of a thin surface layer of metal with tensile residual stresses is equivalent to the removal of some compressive external load from the sample. That is, if there are compressive residual stresses on the surface of the sample, then the sample is shortened after etching and ΔL > 0, and vice versa, if tensile residual stresses are present on the surface of the sample, the sample after etching is extended and ΔL <0.
In the main experiment 18 samples were cut from pipes of 16x1.5 mm made of steel AISI 321. 11 samples were prepared for the outer surface etching, 7 -for the inner surface etching (Fig. 5) . The etching modes, as well as the measurement results of the samples relaxation are given in the measurements results of the absolute length change of the samples was revealed, which may indicate to a correct sample preparation and the correctness of the length measurement method. After measuring the elastic relaxation of the samples, we calculated the longitudinal residual stresses on the surface of the pipes and the distribution of the residual stresses in the wall [10, 12] . The results of the calculations of residual stresses are given in Table. 1. On the graphs of Fig. 6 , for example, the distributions of longitudinal, tangential and radial residual stresses over the pipe wall thickness for sample No.1 are given.
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Summary
As a result of the measurements analysis, it can be concluded that there are significant tensile residual stresses on the surface of the pipes, which is due to the technology of their production. 
